In this study, human-like collagen sponge (HLCS) was prepared by cross linking with 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC). Setting Double Diamond○R Collagen Sponge (DDCS) as the control group, arterioles and liver injury model was made to compare the hemostatic efficacy and biocompatibility of HLCS. In rabbit ear central artery injury hemostatic test, the complete hemostasis time of HLCS and DDCS was significantly different, which was 79 ± 8 s and 121 ± 17 s, respectively (P < 0.05). In rabbit liver injury hemostatic test, the complete hemostasis time of HLCS was 51 ± 6 s, and that of DDCS was 95 ± 12s, which was also significantly different (P < 0.05). The results of optical microscopy and transmission electron microscopy suggested that the damage of the hepatocyte from HLCS was much slighter. The results indicated that HLCS had excellent biocompatibility and it might be a potential material as a topical hemostatic agent.
INTRODUCTION
Uncontrolled hemorrhage was the major cause of death on the battlefield and the second major cause of death in civilian trauma centers, especially for adults. In spite of a lot of hemostatic agents in all manners of configurations such as powdered, liquid, and flexible dressing formats are currently available to both military and civilian first aid providers. However, the hemostatic effect was not satisfactory and many problems arise in the process (Sauaia et al., 1995; Krug et al., 2000; Teixeira et al., 2007; Sohn et al., 2009) . For example, the agents can not adhere to the trauma tightly or activate intrinsic pathway and extrinsic pathway of blood coagulation, and blood welled out from the wound and no power could stop it. Moreover, the degradation speed of some topical hemostatic agent in vivo was too slow and caused the inflammatory response. Some topical hemostatic agent *Corresponding author. E-mail: fandaidi@nwu.edu.cn. Tel: +8613809193640. Fax: +8602988302063.
including oxidized cellulose in vivo could cause tumor-like lesions during early implantation period, even repress nerve. Therefore, many scientific researchers have developed a new topical hemostatic agent which can stanch quickly and have good biocompatibility.
Collagen is a well-known useful protein, which has been widely used as an important raw material in the fields of foods, pharmacy, cosmetic and scientific studies, especially in medical applications due to its good biocompatibility, biodegradability and weak antigenicity (Maeda et al., 1999; Lee et al., 2001 ). Up to now, collagen has been already regarded as one of the most useful biomaterials, and scientific researchers have prepared several kinds of spongiform and membranous dressings made of collagen or composed mainly of collagen as topical hemostatic agents in clinical or animal experiments (Arula et al., 2007; Akturk et al., 2011; Chikazua et al., 2010; Doillon and Silver, 1986; Liua et al., 2010; Chen and Lee, 2008) . In the fields of biomedicine research, collagen or composite material including collagen has been used as a novel scaffold for tissue engineering of bone, skin, and cartilage (Takashi et al., 2004; Murphy et al., 2010; Lu et al., 2004; Dai et al., 2010; Xiong et al., 2009; Ma et al., 2003; Lammers et al., 2009; Chen et al., 2010; Wen et al., 2007) .
So far, collagen is mainly obtained from the skin and tendon of animals. However, there were some potential risks such as mad cow disease, foot-and-mouth disease and other viral or prion diseases. Besides, the collagen from animals has a certain degree of inherent antigenicity. All of these restricted its extensive application.
Human-like collagen produced by recombinant Escherichia coli BL21 has low immunogenicity compared with collagen isolated from animal tissue by conventional extraction methods and is free of viruses and prions Luo et al., 2005; Hua et al., 2006) . It also has good biocompatibility, biodegradability and watersolubility, and can be easy to modify. Human-like collagen is now widely applied in toiletry, plastic and aesthetic surgery, medical and health food, as well as in the fields of biomedicine. Besides, it is used for studying drug delivery technology as a new kind of carrier, bonerepairing material Zhai et al., 2005) , blood vessel (Zhu et al., 2009a; 2009b) and other tissue engineering products (Wang et al., 2006; Hu et al., 2008) .
In this paper human-like collagen was modified by chemical methods, and was prepared to obtain a topical hemostatic agent as a main ingredient, which exhibited security and quick and reliable styptic effect. The study is of crucial importance to solve the problems of topical hemostatic agent in clinical application.
MATERIALS AND METHODS
This study was approved by the Northwest University Ethics Committee for Animal Experiments. All animals were maintained in a facility accredited by the Association for the Assessment and Accreditation of Laboratory Animal Care International. They received humane care in compliance with the Guide for the Care and Use of Laboratory Animals.
Human-like collagen sponge and double diamond○R collagen sponge
HLCS was provided by the Shaanxi Key Laboratory of Degradable Biomedical Materials. It mainly consists of human-like collagen as the main raw material. The amino acid sequence of human-like collagen was
THGLVTCGL and its preparation is through the vacuum freezedrying process and 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) crosslinking. After preparation the HLCS was sterilized with cobalt-60 irradiation. DDCS was purchased from Beijing YierKang Bioengineering Development Centre which is made from animal collagen.
Animal handling and preparation
Healthy adult New Zealand Rabbits were used. A total of 40 Male New Zealand Rabbits were housed individually in standard stainless steel cages with water and food available ad libitum. Rabbits weighed between 3500 and 4000 g at the time of experiments. The room temperature was maintained at 20 to 26°C. Food was withheld the night before the procedure with free access to water. The rabbits that for liver injury model were removed abdominal hair with depilatory one day ahead.
Arterioles injury model surgical procedure
10 New Zealand rabbits were randomly divided into two groups: HLCS group and DDCS group, 5 rabbits in one group. Each animal received premedication consisting of an ear vein injection of 30 mg/kg of sodium pentobarbital. It is also important to note that the sodium pentobarbital was interruptedly given which aim is for preventing excessive anesthetic. After the aesthetic, back up the rabbit was fixed on the operating table. Then iodophor was used to sterilize the rabbit ears skin for 3 min before 70% alcohol cleaning. An injury of 1.0 × 1.0 cm was created in the middle of the ears and the ear central artery was cut off. The sterile gauze was drawn on the bleeding, then an area of 1.5 × 1.5 cm of HLCS or DDCS was quickly pressed on the wound surface and the appropriate pressure was given. The complete hemostasis time was recorded.
Liver injury model surgical procedure
Thirty New Zealand rabbits were randomly divided into three groups, HLCS group, DDCS group and blank control group. Ten rabbits is in each group. The surgical procedure was similar to that of arterioles injury model. Then the abdominal cavity was opened layer by layer. When the liver was exposed, a liver laceration of 1.0 × 1.0 cm was made in the middle of the left liver, and thickness of 1 mm of the liver tissue was removed. The following operation was the same to that in arterioles injury model. The complete hemostasis time was recorded, and the adhesion of the sponge to the wounds was observed and the surface of the livers was photographed. The incision was quickly sutured layer by layer and the wound was sterilized and bandaged when photos were taken completely. After they regained consciousness, the rabbits were feed in the same way as the blank control group, and every rabbit received intramuscular injection of 15000 IU/kg of sodium pentobarbital penicillin for 5 days to prevent inflammation.
Data collection and statistical analysis
In this study, the phycial structure of HLCS and DDCS were showed firstly, and the Fourier transform infrared spectroscopy were analyzed. Besides, the major data that were recorded is the complete hemostasis time in arterioles injury model and liver injury model. In every experiment, there are 5 sets of data in HLCS group and DDCS group separately, the data of every group was averaged and compared. In liver injury model surgical, the two kinds of sponge adhere to the wounds surface of the livers were photographed. In addition, 5 rabbits of each group including the blank control group were sacrificed under anesthesia at 2 and 4 weeks, opened the abdominal cavity of each rabbit, subjective assessment of any lesion to the treated liver surface were identified by visual inspection and documented with photographs. Liver tissue near by the injured zone was cut into thickness of 3 mm pieces and preserved in 10% formalin to evaluate histologic damage by HE staining, at the same time, 1 mm 3 pieces were preserved in 2.5% glutaral to evaluate histologic damage by transmission electron microscopy. The samples were taken in the same way and position from rabbits of the blank control group.
Statistical analysis: experimental data (the complete time of hemostasis) are expressed as mean ± SD and data were analyzed by SPSS13.0 statistical analysis software, the differences between groups using single factor analysis of variance, statistical significance was set at P < 0.05.
Histopathological examination
The liver tissue was fixed by 10% formalin for 24 h, and then the samples were cleaned, dehydrated progressively, immersed wax, embedded and sliced according to conventional methods.
Step in the slice, the thickness of tissue pieces were 5μm. After slicing, the tissue pieces were fixed on the slides and baked for 30 min at 70°C, and the wax was replaced by xylene, next, the samples were stained by HE staining method and mounted with neutral gum. Finally, the samples were observed and photographed with optical microscope and were analyzed and assessed by board certified pathologist.
The liver tissue was fixed by 2.5% glutaral more than 2 h at 4°C for viewing and photographing with transmission electron microscopy (Zhu et al., 2009 ). All the pictures were analyzed and assessed by board certified pathologist. (Figure 1 A) , DDCS is white and the thickness is also about 2 mm (Figure 1 B) . They both show porous structure and a certain degree of transparency in the optical microscope. Five pictures were photographed under five different focal plane and finally the five pictures were combined into one picture through the function of extended depth of field by Image Pro Plus 5.1.0.20 software (Figure 2 ). HLCS and DDCS were coated with gold and observed with SEM at an accelerating voltage of 25 kV. The pore size of the HLCS is about 60 to 200 μm and DDCS is about 100 to 250 μm (Figure 3) . The Fourier transform infrared spectroscopy of two kinds of sponge is very similar, and the characteristic peaks is same (Figure 4) . In arterioles injury model, the complete hemostasis time of HLCS group and DDCS group was significantly different, which was 79 ± 8s and 121 ± 17s, respectively (P < 0.05). In rabbit liver injury hemostatic test, the complete hemostasis time of HLCS group was 51 ± 6s, and that of DDCS group was 95 ± 12s, which was also significantly different (P < 0.05). Moreover, HLCS adhered more firmly to the liver injury than DDCS ( Figure  5 ). The data of two injury models was analyzed through the figure which was drawn with Origin 7.5 software (Figure 6 ). HE staining analysis: In liver injury model, HLCS degraded 2 weeks after surgery. Some newborn collagen fibres appeared in the injury zone, and there is infiltration of monocytes and lymphocytes. The structure of hepatic tissue and normal shape of injury zone changed slightly, and cell disintegration and cytoplasm leakage did not appear (Figure 7 A) . 4 weeks after surgery, HLCS degraded completely and no inflammation could be observed. The hepatic tissue of injury zone and the shape of hepatic cells became normal (Figure 7 B) . For DDCS group, there was only a little degradation 2 weeks after surgery, and there were numerous monocytes and lymphocytes infiltration. The hepatic tissue structure of injury zone became disorderly and cell disintegration and cytoplasm leakage appeared (Figure 7 C). 4 weeks after surgery, DDCS degradated mostly, but the structure and shape of the hepatic tissue was obviously different from that of the normal hepatic tissue. The differences included the change of hepatic cell shape and cytoplasmic components, cell degeneration, the nucleus contraction, and the difficulty of cytoplasm stain (Figure 7 D) . For convenient comparison, the picture of blank control group was given (Figure 7 E) .
RESULTS

HLCS is white or pale yellow and its thickness is about 2 mm
Transmission electron microscopy analysis: In liver injury model, the structure of hepatic cell was clear and the nucleus was basically circular for HLCS group 2 weeks after surgery. The chromatin distributed evenly in the nucleus, cytoplasm was rich in organelles including glycogen granules, and mitochondria were round or oval. Smooth endoplasmic reticulum and capillary bile duct expanded and proliferated slightly and there was a little cholestasis in the cavity. Besides, inflammatory cell infiltration appeared (Figure 8 A) . 4 weeks after surgery, the structure of hepatic cell was normal and clear, and the nucleus was circular. The chromatin evenly distributed in the nucleus, cytoplasm is rich in organelles, the structure of mitochondria and endoplasmic reticulum was normal. There were a few glycogen granules inside the cytoplasm and pigment granules can be seen, capillary bile duct is no obvious dilated (Figure 8 B) .
For DDCS group, the structure of hepatic cell was a little bad and the nucleus was circular or irregular shape 2 weeks after surgery. The chromatin distributed in the nucleus, organelles decreased slightly and fewer mitochondria and glycogen granules were inside the cytoplasm. In addition, the expansion and proliferation of smooth endoplasmic reticulum was visible, and the microvilli decreased in the cavity and cholestasis appeared (Figure 8 C) . 4 weeks after surgery, the structure of hepatic cell was bad, and organelles decreased obviously inside the cytoplasm. The mitochondria are significant swollen, crest decrease or disappear, endoplasmic reticulum decrease and its structure is fuzzy, glycogen granules become more, collagen fibre appears proliferation among the cells and the structure of capillary bile duct is not clear (Figure 8  C) . For convenient comparison, the picture of blank control group was also given (Figure 8 E) .
DISSCUSSION
Rabbit ear central artery injury bleeding quickly for higher arterial blood pressure. Therefore arterioles injury model can simulate the human small artery bleeding emergencies. Liver laceration, liver injury surgery and other liver surgeries are very common in clinic. The liver is the substantial organ that is rich in blood vessels for mammals, and the blood vessels are hightly hidden and exact bleeding position is difficult to locate. If the wound can not be treated effectively with good hemostasis, it is very dangerous for patients in first aid. It is persuasive to choose hemorrhage model of liver injury to study hemostatic effect.
In this study, HLCS exhibited good hemostatic efficacy in arterioles and liver injury model, and its effect was significantly better than that of DDCS made of collagen from animals. In liver injury model, HLCS had a complete degradation 4 weeks after surgery, and the histopathological examination showed that the liver injury zone did not appear continued inflammation and other complications on 2 weeks and 4 weeks in HLCS group. Hepatic cells in the microstructure, and the shapes and structures of the main organelles including cell nucleus, mitochondria and capillary bile duct had no obvious changes. However, the results of DDCS were relatively worse. The most important two points were that the sponge had a slower degradation and continued hepatic cells damage, which had been confirmed by histopathological examination.
Collagen promotes hemostasis mainly through two roles. Firstly it can stimulate platelet activity and promote platelet aggregation and plasma agglomeration (Bailey, 1992) , and platelet aggregation can form white thrombus and combine plasma agglomeration to prevent bleeding. Secondly, it can activate factor Ⅻ and assist other coagulation factors to start endogenous clotting process. Collagen stimulates platelet activity and blood coagulation factors that play an important role in the process of hemostasis. In the experiment, the other reason of better hemostatic efficacy for Human-like Collagen Sponge was the hydrophilic characteristic of human-like collagen. The characteristic made the sponge absorb water molecules rapidly and adhere to wound surface firmly when HLCS was pressed on the wound surface, thus supported the physiological coagulation process. Moreover, human-like collagen is human-derived collagen and its immunogenicity is very weak compared to the collagen from animals. Therefore, the effect of Human-like Collagen sponge in the body after surgery was very light to the hepatic tissue surrounded the wound in the postoperative degradation process in vivo, and it greatly protected the structure and function of normal tissue, which was much better than that of collagen from animals.
Conclusion
HLCS was prepared by cross-linking human-like collagen with EDC at the first time, and its hemostatic efficacy was initially tested in arterioles and liver injury model. The experimental results demonstrated that Human-like Collagen Sponge might be a potential topical hemostatic agent.
